The central force water model is well suited for integral equation methods. At the electrode surface we nd water molecules arranged in an ice-like structure with a surface dipole pointing towards the liquid and a negative surface potential ?0.11 V at zero electrode charge. We nd an asymmetric di erential capacitance due to the water structure. Added Na + and Cl ? ions do not destroy the water structure. Only the small Na + can penetrate the structured water layer at high negative electrode charge.
Introduction
The central force water model is capable of representing the steric structure of the water molecules, the hydrogen bonds, the molecular charge distribution and part of the molecular polarizability. It is de ned as a 1:2 mixture of oxygen and hydrogen atoms interacting via spherical e ective potentials and bearing e ective partial charges. The potential parameters have been optimized in simulations tting e.g. neutron di raction data. The central force spherical potentials are especially adapted for a statistical mechanical treatment of the system by integral equation methods. The mixture can be supplemented by spherically interacting ions to study electrolytes. We present here results for pure water and a sodium chloride solution at an electrode wall.
The model and the method of calculation
The central force water model was proposed by Stillinger, Lemberg and Rahman 3, 4, 5] . The e ective potentials contain Coulombic parts, repulsive terms of high powers of r and exponentially decaying attractive parts of longer range. The long range H-H interaction is repulsive and adjusted in order to form a minimum for the second hydrogen atom at the angular position in the hydrogen molecule and to push the third hydrogen atom into the hydrogen bond position. The many parameters have been optimized in molecular dynamics (MD) simulations. We have given the parameters in our paper 1].
The added ions interact via Coulomb potentials and Lenard Jones contributions with oxygen and hydrogen. We have tted the parameters 2] to quantum mechanical ab initio calculations of Kistenmacher et al. 6] (3) give an impression of the solvation shell. 6.5 water molecules in the rst shell around Na + are in agreement with simulations, while the shell around Cl ? appears too large probably due to potential parameters which make Cl ? too big. The input to the calculations of the distributions near the electrode are the bulk direct correlation functions, which for pure water are shown in gure 4. We compare our direct correlation functions to those of Haymet 22] , who used only slightly changed interaction potentials and di erent bridge functions. Because there is no clear interpretation of the direct correlation functions it is not easy to judge the importance of the of the homogeneous bulk. In this approximation, equation (4) is simply the z-derivative of the HNC-equation at thesurface see also 13]. The potential V (1) describes the interaction betweeen theelectrode and the particle of kind . We take
for the electrode with a surface charge density !, particle charge q and the short range repulsive wall potential V SR (z) = A=z 9 (A=1.88 10 ?14 erg) equal for all particles. This repulsive wall potential is close to a hard wall and only more convenient in the numerical iteration procedure for solving equation (4) . Further details of the calculation can be found in 1] and 2]. eld is strong enough to provide the same potential energy as the hydrogen bonds. By this mechanism the di erential capacitance of the interface shows an asymmetry with a minimum at negative electrode charge solely due to the water interface structure 1]. We have also investigated surfaces with preferential oxygen attraction. This leads to an increase of the surface dipole and a more negative value of the surface potential 1]. The sign and the order of magnitude of this interface potential step is in agreement with experimental indication 16, 17] and other model calculations 18, 19, 20, 21] . In this respect we are in disagreement with the results of Booth, Duh and Haymet 22, 23, 24] who calculated for the same pure water model with only slightly changed interactions and di erent bridge functions in the bulk (see our gure 4). They derive a surface dipole with opposite sign and a surface potential (z = 0)=+0.6 V. We are presently investigating the reasons for this discrepancy. 3. The electrolyte at the hard wall Figure 7 shows the densities near the interface for the 0.01 molar NaCl solution at the uncharged electrode. The water structure is obviously only weakly perturbed and the ions have to adapt to this structure. The smaller Na + ions penetrate further than Cl ? , but neither can really enter the rst double layer of netted water molecules. There is some displacement of hydrogen atoms leading to a little screening of the surface dipole yielding a potential step of (z = 0) ? (bulk)= ? 74 mV. The dipole potential is again determined by the water structure with negative oxygen closest to the wall and the hydrogens xed in hydrogen bonds, pointing towards the liquid. This value of (z = 0) should not be mixed up with the potential of zero charge (PZC), which is the di erence between the Fermi levels of the uncharged electrode and a standard reference electrode (see 2]). These density distributions give an impression a little di erent from the folklore about ions in the double layer. The ions penetrate into the water structure and are not migrating with their individual solvation shells. "Solvation" is achieved by pushing around the hydrogens in the hydrogen bonds, which can be interpreted as a reorientation of dipoles.
We have charged the electrode and attracted the ions towards the surface ( gure 8a and gure 8b). At smaller charges the ion penetration is still suppressed by the water structure. The small Na + ions nally invade the rst double layer of the water structure. It is interesting to notice, that this penetration is connected with the increase of the polarizability of the water due to the hydrogens turning towards the wall, when the eld is strong enough to provide the same energy gain as the hydrogen bonds. The hydrogens obviously move out and the Na + move into the rst water double layer when the surface charge is increased beyond ?3.7 C/cm 2 . This mechanism is supported by the experimental and theoretical nding of a maximum of the interfacial entropy for surface charge densities in the range from ?4 to ?6 C/cm 2 25 ] when according to our calculation the hydrogens of the contact water molecules can occupy two di erent positions, the hydrogen bond or the bond pointing towards the surface.
The Cl ? ions do not follow the attractive eld gure 8b] because they appear too large in our model. The water structure expels them. We are reconsidering our model parameters for the Cl ? interactions, because our calculation at present does not show the speci c adsorption which was so often derived for chlorine. But this problem is also seen in computer simulations. 26] Figure 8 . Denstity of Na + at the negatively charged \hard" wall (a) and Cl ? at the positively charged \hard" wall (b).
The charges: ! = 0 (|),! = 1:66, 3:2, 6:4 (---) C/cm 2 . Inset: Surface excess of Na + as function of ?!.
We have again calculated the di erential capacitance and found the asymmetric minimum essentially at the same negative charge (! = ?4 C/cm 2 ) as for pure water which again can be attributed to the water structure (see gure 9).
Conclusions
The central force water model is especially well suited for use in integral equations of statistical mechanics. At an electrode it produces a hydrogen bounded ice structure with a surface dipol pointing towards the liquid and a di erential capacitance asymmetry with a minimum at negative electrode charge. Na + and Cl ? ions have to penetrate this structure. The small Na + is sucessful at higher negative electrode charge while Cl ? is expelled. Also for the electrolyte the surface potential at zero electrode charge and the asymmetry of the capacitance is determined by the water structure. Figure 9 . Di erential capacitance C = @!=@ vs !.
